Search for Artificial Stellar 
Sources of Infrared Radiation 


Abstract. Tf extraterrestrial intelligent 
beings exist and have reached a high level 
of technical development, one by-product 
of their energy metabolism is likely to be 
the large-scale conversion of starlight into 
far-infrared radiation. It is proposed that 
a search for sources of infrared radiation 
should accompany the recently initiated 
search for interstellar radio communica- 
tions. 


Cocconi and Morrison (/) have called 
attention to the importance and feasi- 
bility of listening for radio signals trans- 
mitted by extraterrestrial intelligent be- 
ings. They propose that listening aerials 
be directed toward nearby stars which 
might be accompanied by planets car- 
rying such beings. Their proposal is 
now being implemented (2). 

The purpose of this report is to point 
out other possibilities which ought to be 
considered in planning any _ serious 
search for evidence of extraterrestrial 
intelligent beings. We start from the 
notion that the time scale for industrial 
and technical development of these be- 
ings is likely to be very short in com- 
parison with the time scale of stellar 
evolution. It is therefore overwhelming- 
ly probable that any such beings ob- 
served by us will have been in existence 
for millions of years, and will have al- 
ready reached a technological level sur- 
passing ours by many orders of mag- 
nitude. It is then a reasonable working 
hypothesis that their habitat will have 
been expanded to the limits set by Mal- 
thusian principles. 

We have no direct knowledge of the 
material conditions which these beings 
would encounter in their search for 
lebensraum. We _ therefore consider 
what would be the likely course of 


Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. . 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see ‘‘Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 


3 JUNE 1960 


Reports 


events if these beings had originated in 
a solar system identical with ours. Tak- 
ing our own solar system as the model, 
we shall reach at least a possible pic- 
ture of what may be expected to hap- 
pen elsewhere. I do not argue that this 
is what will happen in our system; I 
only say that this is what may have 
happened in other systems. 

The material factors which ultimate- 
ly limit the expansion of a technically 
advanced species are the supply of mat- 
ter and the supply of energy. At present 
the material resources being exploited 
by the human species are roughly lim- 
ited to the biosphere of the earth, a 
mass of the order of 5 X 10” grams. 
Our present energy supply may be gen- 
erously estimated at 10” ergs per sec- 
ond. The quantities of matter and en- 
ergy which might conceivably become 
accessible to us within the solar system 
are 2 X 10” grams (the mass of Jupiter) 
and 4 xX 10* ergs per second (the total 
energy output of the sun). 

The reader may well ask in what 
sense can anyone speak of the mass of 
Jupiter or the total radiation from the 
sun as being accessible to exploitation. 
The following argument is intended to 
show that an exploitation of this mag- 
nitude is not absurd. First of all, the 
time required for an expansion of 
population and industry by a factor of 
10” is quite short, say 3000 years if an 
average growth rate of 1 percent per 
year is maintained. Second, the energy 
required to disassemble and rearrange 
a planet of the size of Jupiter is about 
10“ ergs, equal to the energy radiated 
by the sun in 800 years. Third, the mass 
of Jupiter, if distributed in a spherical 
shell revolving around the sun at twice 
the Earth’s distance from it, would have 
a thickness such that the mass is 200 
grams per square centimeter of surface 
area (2 to 3 meters, depending on the 
density). A shell of this thickness could 
be made comfortably habitable, and 
could contain all the machinery re- 
quired for exploiting the solar radiation 
falling onto it from the inside. 

It is remarkable that the time scale 
of industrial expansion, the mass of 
Jupiter, the energy output of the sun, 
and the thickness of a habitable bio- 
sphere all have consistent orders of 
magnitude. It seems, then, a reasonable 
expectation that, barring accidents, 
Malthusian pressures will ultimately 


drive an intelligent species to adopt 
some such efficient exploitation of its 
available resources. One should expect 
that, within a few thousand years of its 
entering the stage of industrial develop- 
ment, any intelligent species should be 
found occupying an artificial biosphere 
which completely surrounds its parent 
star. 

If the foregoing argument is ac- 
cepted, then the search for extraterres- 
trial intelligent beings should not be 
confined to the neighborhood of visible 
stars. The most likely habitat for such 
beings would be a dark object, having 
a size comparable with the Earth’s or- 
bit, and a surface temperature of 200° 
to 300°K. Such a dark object would be 
radiating as copiously as the star which 
is hidden inside it, but the radiation 
would be in the far infrared, around 10 
microns wavelength. 

It happens that the earth’s atmos- 
phere is transparent to radiation with 
wavelength in the range from 8 to 12 
microns. It is therefore feasible to 
search for “infrared stars” in this range 
of wavelengths, using existing tele- 
scopes on the earth’s surface. Radiation 
in this range from Mars and Venus has 
not only been detected but has been 
spectroscopically analyzed in some de- 
tail (3). 

I propose, then, that a search for 
point sources of infrared radiation be 
attempted, either independently or in 
conjunction with the search for artificial 
radio emissions. A scan of the entire 
sky for objects down to the 5th or 
6th magnitude would be desirable, but 
is probably beyond the capability of ex- 
isting techniques of detection. If an un- 
directed scan is impossible, it would be 
worthwhile as a preliminary measure to 
look for anomalously intense radiation 
in the 10-micron range associated with 
visible stars. Such radiation might be 
seen in the neighborhood of a visible 
star under either of two conditions. A 
race of intelligent beings might be un- 
able to exploit fully the energy radiated 
by their star because of an insufficiency 
of accessible matter, or they might live 
in an artificial biosphere surrounding 
one star of a multiple system, in which 
one of more component stars are un- 
suitable for exploitation and would still 
be visible to us. It is impossible to guess 
the probability that either of these cir- 
cumstances would arise for a particular 
race of extraterrestrial intelligent be- 
ings. But it is reasonable to begin the 
search for infrared radiation of artifi- 
cial origin by looking in the direction 
of nearby visible stars, and especially 
in the direction of stars which are 
known to be binaries with invisible com- 
panions. 

FREEMAN J. DYSON 
Institute for Advanced Study, 
Princeton, New Jersey 
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Automatic Tonometer with 
Exact Theory: Various 
Biological Applications 


Abstract. Methods for externally meas- 
uring pressure within body cavities exist. 
In tonometer form they are fast and gen- 
tle not requiring anesthetics for the cornea 
of the human eye. Readings are accurate 
and independent of tissue tension, corneal 
stiffness, astigmatic curvatures, and sur- 
face tension. There are also separate in- 
dications of corneal rigidity and relaxa- 
tion, and tonographic fluid expression. 
Other applications include monitoring 
blood pressure, uterine contractions, and 
infant intracranial pressure. 


The classical methods for measuring 
the pressure within the human eye have 
involved a measurement of the force 
required to flatten a given area or a 
measurement of the corneal indentation 
produced by a given weight-loaded rod 
(1). Though ophthalmologists learn to 
make clinical evaluations from such 
readings, these procedures are some- 
what cumbersome and inaccurate. In- 
exactness is introduced into the read- 
ings by corneal effects such as rigidity 
and the tension in the tissues tending to 
resist indentation. The magnitude of 
this effect seems to be rather variable, 
and thus an uncertainty is introduced 
into any reading. On the other hand, 
the surface tension of the tears tends to 
pull the probing member toward the 
eye. In the diagnosis of glaucoma it is 
desirable to observe intraocular pres- 
sure alone: this is made possible by the 
new tonometer that we have devised 
and demonstrated, since the aforemen- 
tioned and other extraneous factors are 
eliminated (2). Besides this increased 
accuracy, the readings are taken more 
quickly, more gently, and from any 
position, without the help of expensive 
auxiliary equipment such as slit lamps. 

In Fig. 1 the principle of one form 
of our device is illustrated. The end of 
a small, hand-held probe is pressed 
against the eye. The tip of the probe 
carries a pressure-sensitive area approx- 
imately 1 mm across. If the eye is mo- 
mentarily flattened to beyond this sen- 
sitive area, then, according to first-order 
theory, the only pressure that will be 
recorded is the intraocular pressure of 
the eye. It will be seen from the figure 
that a high pressure will press down 
upon the force transducer, which can 
be a ferrite core that can move toward 
or away from a coil, thereby varying 
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the coil’s inductance. This variation in 
the position of the core is detected and 
amplified, causing a variation in current 
in a coil whose purpose is to exert a 
restoring force on a small permanent 
magnet also coupled to the moving sys- 
tem. Thus an increase in pressure will 
cause an increase in restoring force 
which will maintain the pressure-sensi- 
tive area rather accurately in the plane 
of the surrounding plate. The measure 
of force is the current that is recorded 
as passing into the restoring-force coil. 
The sensitivity of the detector is 100 
mv/,, and the deflection of the plunger 
is 0.6 » for an intraocular pressure of 
40 mm-Hg. 

The force required to bend the cor- 
nea is exerted beyond the sensitive re- 
gion and is not recorded. For this rea- 
son astigmatism and eye size do not 
enter: the device can be applied with 
accurate results to the eye of rabbit or 
man. Tensions in the tissues are tangen- 
tial forces that are not recorded by the 
pressure-sensitive area. Surface tension 
merely pulls the whole probe against the 
eye a bit harder and does not influence 
the reading. The end of the probe can 
be covered by a thin, disposable, steriliz- 
able, rubber membrance without inval- 
idating the reading, but this membrane 
must be thin, for its presence slightly 
decreases the sensitivity of the instru- 
ment. 

The measurement can be recorded or 
stored electronically in a number of 
ways. The most convenient and reliable 
is simply to record the current that 
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Fig. 1. If the cornea of the eye is flattened 
against a probe to beyond the pressure 
sensitive region then the only force that 
will be recorded will be intraocular pres- 
sure, since such factors as corneal rigidity 
exercise their force beyond the periphery 
of the sensitive region. Any tendency 
towards motion in the displacement trans- 
ducer is detected and amplified to produce 
a restoring force that holds the pressure 
sensing piston coplaner with the surround- 
ing region. The restoring-force current 1s 
recorded as a measure of intraocular 
pressure. 


measures the force on the sensitive 
area, as a function of time, on a strip- 
chart recorder. A representative record- 
ing is shown in Fig. 2. As the hand ad- 
vances the probe against the eye, the in- 
dicated reading increases as the flat- 
tened region gradually expands to cover 
the sensitive area. Once the sensitive 
area is covered, a further increase in 
total force applied to the probe will 
cause expansion of the flattened region 
out over the surrounding plate which 
then sustains the bending forces which 
previously acted on the sensitive region. 
Thus the increasing reading rises to a 
crest and then drops down into a 
trough. A further increase in flattened 
area will raise the intraocular pressure 
and thus cause a new rise. The crest 
amplitude is the result of both pressure 
and bending forces and thus is the read- 
ing that is obtained by the classic apla- 
nation tonometers such as that of Gold- 
mann. The reading at the trough is the 
true pressure reading for the given 
flattening without the effect of bending 
forces. Thus the crest-trough difference 
is a measure of corneal rigidity. It 
should be mentioned that minor de- 
centering of the sensitive area with 
respect to the cornea can result in 
degrading the maximum into a plateau 
at trough height. In either circumstance 
measurement from the baseline to the 
height of the trough or plateau is a 
measure of intraocular pressure that is 
absolute and relatively independent of 
extraneous factors. As the probe is with- 
drawn the sequence of events reverses 
itself. The traced out pattern is 
essentially symmetrical about its center 
except that the second trough is general- 
ly lower than the first. It is assumed 
that this results from corneal relaxation 
and a decreased intraocular pressure 
during the reduction of aplanation fol- 
lowing the expression of some fluid. A 
comparison of dip height advancing and 
receding measures corneal relaxation, 
while comparison of trough height ad- 
vancing and receding measures the rate 
of expression of fluid during the inter- 
val. The height of the central bump in 
the tracing is a measure of the elevation 
in pressure due to the tonometric 
observation. Measurement of the rate 
of advancement of the probe against the 
cornea gives the rate of change of vol- 
ume of the eye which, in conjunction 
with the rate of change of pressure, 
yields more information than classical 
tonography; we call this metrotonome- 
try. 

In developing this instrument there 
was some question about the ideal size 
for the central pressure-sensitive area. 
Other workers trying to make various 
extraneous factors effecting the aplana- 
tion tonometers cancel out had settled 
upon a flattened area of 3 mm. Thus 
our first experiments made use of a 
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